T HE PRESENCE of severe hyponatremia, not associated with salt depletion, is now well known in a wide variety of disease states. In nearly all situations in which it has been studied, low serum sodium concentrations have been accompanied by an increase in body water and thus the term "dilutional hyponatremia" has been used. In spite of the wellknown dilutional factor, certain studies have indicated changes of serum cation not accounted for by fluid and electrolyte balances. ' 14 The hyponatremia in these states may be due not only to dilution but also to an internal reduction of osmotic activity. The present study was designed to evaluate the role of overhydration in the latter process. We have used daily injections of Pitressin Tannate in Oil* to induce overhydration and marked hyponatremia while maintaining strict balance conditions. This approach has allowed further study of the mechanism involved in the genesis of severe hyponatremia, water intoxication, and the diuretic escape from Pitressin.
Methods
Thirteen balance studies were conducted in 10 patients hospitalized on the metabolism ward of the Strong Memorial Hospital (table 1) . Each patient was in a separate, temperature-controlled room. A constant diet was administered and this was analyzed twice during each study. Constituents of each diet are recorded in table 1. All excreta were collected quantitatively and stool collections were separated into periods with carmine markers. Data were collected for water, sodium, potassium, chloride, and nitrogen balance. The patients were weighed at the end of each 24-hour period and a fasting blood sample was obtained without exposure to air. Close observation by specially trained nurses and physicians throughout the day and night provided an accurate record of symptomatology. t Following suitable adjustment on a constant diet, a control period of 3 days was begun, which was followed by a treatment period during which 1 or 2 units of Pitressin were injected twice daily. In several instances, overhydration was reduced with infusion of 10 to 12.5 per cent mannitol, and Pitressin was continued. A control period after Pitressin was utilized whenever possible. In some studies other drugs were administered throughout both control and Pitressin periods to minimize symptomatology. This included atropine in studies 4 and 5, paraldehyde in study 1, Gelusil in studies 7 and 8, and either chloral hydrate or Nembutal to all.
Sodium and potassium were analyzed on an internal-standard flame photometer. Chloride was analyzed with automatic titration5 with a Cotlove chloridimeter,5 and nitrogen was analyzed by the macro-Kjeldahl method. Osmolality was analyzed by freezing-point depression, and calcium was determined by an established method.6 Potassium balance was corrected for nitrogen balance (2.7 mEq. K/Gm./N). An insensible loss of 5 mEq./day for sodium, potassium, and chloride was assumed although no visible sweat was noted.
Changes in chloride space were calculated by standard methods. typical, although delayed, response to Pitressin during study 5 Balance study 8 ference between group I subjects in whom antidiuresis was maintained, as contrasted with groups II and III subjects in whom antidiuresis was less muarked and of limited duration. In groups 11 and III a fall in 24-hour urine total hydroxycortiicoid excretion occurred during the first 3 to 5 days of Pitressin administration followed by rapid return to control values at 7 to 9 days. In group I, the fall ill corticoid excretion was more pronounced and the return to normal less rapid ( fig. 8 ).
Discussion
Hyponatremia associated with alterations in total body osmotically active cation unaccounted for by balance has been postulated in certain disease states.1-4, [17] [18] [19] Our studies demonstrate a marked decrease ill osmotically active cation, which was unaccounted for by balance and ail observed fall ill serumn sodium concentration greater thail predicted. This was induced by severe overhydration and was Circulation, Volume Clearance studies during infusion of hypertonic mannitol and aquous Pitressin in patients A.F., (no. of hydrogen, magnesium, or amino acids that are capable of acting as cations (lysine, arginine). Although we cannot exclude an undetected cation loss of this type, the rapid gain in unaccounted for cation with correction of overhydration would suggest that this was not a major factor. Reversible reduction of osmotic activity could be accomplished by cation binding in mucopolysaccharides, proteins, weak acids, or bone, and this would not necessitate an osmotic gradient between cells and extracellular fluid. The observation14 that serum sodium concentration is proportional to the sum of exchangeable sodium and potassium divided by total body water even at low serum sodium concentrations, as well as other studies,"1 12 suggests that there is no sustained osmotic gradient between cells and extracellular fluid. Our data suggest that with severe overhydration, isotonicity is maintained not only by fluid shifts, but also by reduction in total number of active cellular osmols. This mechanism could act as a homeostatic compensation tending to maintain cell volume.
Severe symptoms of water intoxication occurred in all studies in group I, and were associated with marked overhydration, negative sodium and potassium balance, and a fall in serum sodium concentration below 114 mEq./L. The failure to develop severe symptoms in group II during an equivalent degree of Pitressin-induced overhydration (table 2) was correlated with (1) intermittent episodes of increased urine volume without increased total solute output (figs. 3, 4, and 6) so that maximum gain in total body water was accomplished more slowly, and only after an increased fluid intake; (2) less fall in serum sodium with relatively close agreement of predicted and observed values (table 3 Urine hydroxycorticoid excretion indicating more pronounced fall in three studies of group I relative to three studies of group II and one of group III.
overhydration (continuous water load) or to intravenous mannitol (osmotic load). The spontaneous development of isotonic (or even hypotonic) urine was not directly correlated with either the degree or duration of overhydration. These data confirm in part earlier observations in animals23 24 and man.16 25, 26 Decreased permeability of the renal tubular cells to water may be responsible for this spontaneous escape from Pitressin effect.'6 In contrast, the inability to concentrate maximally during an osmotic load appeared to be related to the degree of overhydration and was corrected following dehydration. Previous studies have demonstrated that overhydration may affect renal concentrating ability.27-29 This correlation with changes in body water and the lack of correlation with the spontaneous diuresis suggests that decreased solute concentration in the renal medullary interstitial fluid may be an etiologic factor. Osmotic mechanisms in urine concentration and dilution have been recently reviewed30 and will not be further discussed here.
Escape from Pitressin-induced antidiuresis associated with prolonged overhydration may act as a self-regulatory mechanism during abnormal states to limit excessive fluid retention and consequent water intoxication. It is possible that the concentration defect ob- 
